Activity-guided fractionation of a methanol extract from the culture broth of Myrothecium verrucaria Hmp-F73, a fungus associated with the sponge Hymeniacidon perleve, afforded six macrocyclic trichothecenes, verrucarin J (1), 8-hydroxyverrucarin J (2), verrucarin A (3), 8-acetoxyroridin H (4), isororidin E (5), and roridin E (6), along with trichoverrin B (7). All seven metabolites displayed potent toxicity to the brine shrimp (Artemia salina). In addition, compounds 2, 3, and 6 showed weak phytotoxic activities against lettuce seeds. A preliminary structure-activity relationship of the metabolites is also discussed.
In connection with our ongoing screening for bioactive secondary metabolites from fungi [1] , we screened in a brine shrimp lethality assay the MeOH extracts of 98 fungal strains associated with the marine sponge Hymeniacidon perleve collected in Dalian. The extract of a strain of Myrothecium verrucaria Hmp-F73 exhibited potent toxic activity to the brine shrimp. Through activityguided fractionation, we isolated seven trichothecene derivatives (1-7; Figure 1 ), namely verrucarin J (1), 8hydroxyverrucarin J (2), verrucarin A (3), 8-acetoxyroridin H (4), isororidin E (5), roridin E (6) and trichoverrin B (7) [2]. Their structures were identified by comparison of their spectroscopic data with those published [2].
Compounds 1-7 were evaluated for their toxicity toward brine shrimp larvae and phytotoxic activity against lettuce seed germination. As shown in Table 1 , they exhibited relatively strong lethality activities to the brine shrimp after exposure for 24 h, with LC 50 values ranging between 1 ng/mL and 1.1 μg/mL. Notably, verrucarins (1, in particular 2 and 3) were much more toxic than roridinds (4 and 6) and trichoverrin B (7), suggesting that the presence of an ester carbonyl group at position C-6′ is essential for activity. Besides, it seems that monohydroxylation of a double bond at C-2′ of the macrocyclic ring of a verrucaroid (I) series is able to highly improve the toxicity (1 and 2 vs 3), indicating that the activity is associated with the presence of the 2′-OH substituent. For example, verrucarin A (3) showed 6-and 7-fold more activity than verrucarin J (1) and 8-hydroxyverrucarin J (2), respectively. Among the compounds tested, verrucarin A (3) exerted the best activity (LC 50 = 0.001 μg/mL), while trichoverrin B (7) produced the least (LC 50 = 1.138 μg/mL) since it was a nonmacrocyclic trichothecene, thereby indicating that an intact macrolide ring is also an important requirement for a higher toxic effect. Interestingly, verrucarin A (3) was reported to display no significant difference in the inhibition of protein synthesis in Vero cells and rat spleen lymphocytes. Thus, the in vitro cell response of a given trichothecene is not always an accurate predictor of toxicity in whole animals [3] . Our findings demonstrated for the first time that some modification of the macrolide ring moiety could highly affect the toxicity of trichothecene derivatives. . 6 No. 12 1915 -1916 1916 Natural Product Communications Vol. 6 (12) 2011 Zhao et al. Moreover, the phytotoxic activity of the compounds 1-7 toward the lettuce seed germination in a Petri dish bioassay was not observed at a concentration of 1 μg/mL. Only when the concentration was up to 100 μg/mL did the compounds 2, 3 and 6 exerted a weak inhibiting activity.
NPC Natural Product
From the present study, it can be concluded that the toxicity of the trichothecenes to brine shrimp is not related to the phytotoxicity potency. The trichothecenes 1-7, identified from M. verrucaria Hmp-F73, were found to be most toxic against the brine shrimp larvae. This may constitute chemical defense of the sponge itself to protect it against predators like fishes and shrimps.
Experimental
General: 1 H and 13 C NMR spectra were acquired using a Bruker ARX 300 MHz spectrometer. ESI MS data were recorded using a Waters Micromass ® ZQ mass spectrophotometer in positive ion mode.
Microorganism and culture conditions: Fungal strain
Hmp-F73 was isolated from the marine sponge Hymeniacidon perleve collected from the Bohai Sea at the shore off Lingshui Qiao in Dalian, China, and identified as Myrothecium verrucaria (Genbank accession number: HQ625520). Seed culture was prepared with a 500 mL Erlenmeyer flask containing 100 mL of culture medium containing (g/L): potato 200 g, glucose 20 g and cultivated at 28°C for 48 h with shaking at 150 rpm. The seed culture was inoculated to 3 L Erlenmeyer flasks (×16) containing 1000 mL culture medium, the same as with the seed culture, and incubated for 4 days, at 28°C and 150 rpm on rotary shakers.
Extraction and isolation:
To the cell-free broth (filtered, 16 L) of Hmp-F73, 60 mL of HP20 resin per L was added. After shaking at 100 rpm for 1 h, the resin was recovered and successively washed with deionized H 2 O and MeOH. After evaporation of MeOH, the resulting crude extract (9.66 g) was subjected to vacuum flash chromatography over silica gel with ethyl acetate-n-hexane (0:1010:0) and pure MeOH to provide Fr.1-Fr.6. Compounds 1 and 5 (26.7 mg, inseparable 3:1), 4 (7.7 mg) and 6 (15.4 mg) were purified from Fr. 3 (86.6 mg) by RP-HPLC (Dionex U3000, USA) using a YMC-pack ODS-A column (5 μm, 250 × 10 mm) eluting with 70% MeOH at a flow rate of 2.5 mL/min with UV detection at 220 nm. Similarly, semipreparative HPLC of Fr. 4 (90.0 mg) eluting with 77% MeOH afforded 3 (6.4 mg), and purification of Fr. 5 (389.9 mg) with 55% MeOH yielded compounds 2 (6.5 mg) and 7 (13.5 mg).
Brine shrimp lethality assay:
This assay was performed according to the reported method [1] . LC 50 values for the test compounds were analyzed and calculated with SPSS 13.0.
Phytotoxicity assay:
The Petri dish bioassay was carried out by the reported method [4] .
